Background Despite their lack of protein-coding potential, lncRNAs and circRNAs have emerged as key determinant in gene regulation, acting to fine-tune transcriptional and signaling output. These non-coding RNA transcripts are known to affect expression of messenger RNAs (mRNAs) via epigenetic and post-transcriptional regulation. Given their widespread target spectrum as well as extensive modes of action, a complete understanding of their biological relevance will depend on integrative analyses of systems data at various levels.
think reducing the verbosity and complexity of the language in the paper will help solve word usage problems. >Thank you for the suggestion. We have made the corresponding adjustment (page 4, line 9). In addition, we have modified this sentence to improve clarity: "To solve this problem, we have implemented an integrative bioinformatics approach to examine in silico the functional networks of ncRNAs." 1c) Use more nouns and fewer pronouns. >We have addressed this issue by making the following changes: "It" is changed to "The web server" (page 2, line 17). "They" is changed to "lncRNAs" (page 3, line 14).
2) Many researchers now consider circRNAs to be lncRNAs. Maybe add something like "… and in fact circRNAs are considered to be a class of lncRNAs by many researchers.. (1)" to "Despite their differences in structure and biosynthesis steps, lncRNAs and circRNAs are much more common in terms of their roles and mechanism in gene regulation" 1. Quinn, Jeffrey J., and Howard Y. Chang. "Unique features of long non-coding RNA biogenesis and function." Nature Reviews Genetics 17.1 (2016): 47-62.
>Thank you for the insightful comments and important references (both points #2 and #3). There are indeed certain similarity and distinctions between these two types of ncRNAs. We have now revised the descriptions accordingly. The above publication is cited as new reference #3 in page 3, line 21
3) The evidence lncRNAs acting as miRNA sponges is much stronger than the evidence for circRNAs acting as miRNA sponges. I recommend adding a sentence to the effect of "Although the evidence for lncRNA miRNA sponges is much stronger than circRNA sponges (1). " after "Both lncRNAs and circRNAs have been found to harbor microRNA response elements (MREs) and potentially act as "miRNA sponges" that sequester these endogenous small RNAs" >We agree with the reviewer that, due to the unique structure and abundance, lncRNAs may confer a much stronger effect on miRNA sponging. These two references are added as: "… although the evidence for lncRNA miRNA sponges is much stronger than circRNA sponges [13, 14] ." (page 3, lines 32-33). 4) I recommend increasing the quality of the github repository by adding comments to your code and enough documentation that a user could set up their own instance of your server. >Thank you for the kind reminder. We have now included additional information on how the modules were installed and connected. We also provided on GitHub instructions on running our pipeline in local mode.
Reviewer #2: The pipeline and associated website proposed by the authors is of interest for researchers wanting to better characterize one or several non-coding RNAs.
[My first major criticism is that the the website was not accessible on July 29th and August 1st which prevented me to assess the proposed tool. / Editors' note, update 13/8: The reviewer checked again after sending his report, and could meanwhile assess the homepage.] >We apologize for the temporary shutdown of the web server. There was an unexpected power outage at the building where the server as housed.
The manuscript contains very little detail on how the analyses are performed, I had to check the different scripts available on the GitHub repository was able to find a github repository to understand the analyses performed (differential expression, coexpression analysis). Additionally there is no list of the packages called by the program, nor does the manuscript highlight the species and references supported. Furthermore there is no information regarding the parameters used to run the different programs (miRanda, RNAHybrid ...). The authors need to significantly develop this, it is nice to have examples of the different analyses the pipeline enables but it is of utmost importance that the reader gains a good grasp of the tools and analyses performed by the pipeline and the parameters used. >We thank the reviewer for this important reminder. These lines of information were available at the time of submission but omitted from the text for space conservation. As suggested by the reviewer, these details on the analyses are now incorporated in the manuscript: differential expression (DESeq2), page 5, lines 3; co-expression analysis (WGCNA), page 5, lines 20-22. Furthermore, we listed in two new tables the software tools (Table2) and databases (Table 3) called by our server. In Table 3 with software tools, we also provided the parameters used to run these programs. We incorporated this information in the "Output summary" section of the Results (page 4, lines 36-37).
Minor comments the authors mention that the users can define the gene list after differential expression using the fold changes and p-values. Are they using the p-value or the adjust p-value? From the scripts available on github (deseq2_annotation.r) it appears that the column used is the uncorrected p-value which implies a list of differentially expressed genes heavily contaminated by false positives. >Thank you for this reminder. "Adjusted p-values" (p-adjusted or padj on the web site) are now used as the criterion for distinguishing differential expression.
It would be very useful to the user if the authors could guide them in the choice of the Pearson's coefficient of correlation, such as using a randomization approach on the submitted sets to identify the thresholds. >Selection of appropriate threshold for correlation is indeed important to subsequent network analyses. Randomization approach for threshold selection is now incorporated at this step of data analysis (500 iterations of randomized Pearson correlations between target ncRNA and 5,000 randomly selected mRNAs). As a guide to the users, the server will display a composite histogram showing the overall distribution of correlation coefficients calculated for all the ncRNA-mRNAs pairs, superimposed with the results from randomized correlation tests. This new function is now described as Figure 3E on page 5, lines 25-31.
List of amendments to manuscript (MS ID# GIGA-D-17-00121_R1) Referees' comments have been addressed in detail in the "Point-by-point response to referees comments". Modifications and the inclusion of new data have been marked in red in the revised manuscript and summarized by the following points: Abstract: P2. Minor changes in wording were made in response to reviewer's suggestions (lines 5 and 17).
Introduction: P3. Two new sentences and corresponding references (#3, #13 and #14) were incorporated in the second paragraph (lines 20-21 and 32-33) .
Results and Methods: P4. Two new tables (Tables 2 and 3 ) and corresponding descriptions were added in the "Output summary" section (lines 36-37). P4-5. Descriptions for several analyses, such as differential expression (p. 5, line 3) expression correlation (p. 5, lines 20-22) , as well as randomized correlation test (p. 5, lines 25-31), were added in the "Analytic module #1: coding-non-coding co-expression (CNC) network profiling" section.
Availability of supporting data:
P9. For the convenience of prospective users, we also provided on GitHub instructions on running our pipeline in local mode. This statement is added in lines 10-12.
GitHub repository:
We provided GitHub additional details on how the modules are executed and also instructions on running our pipeline in local mode. recently discovered class of non-coding RNAs, which is defined not by length but 17 rather the unique structure of covalently closed circularity [5, 6] . Despite their 18 differences in structure and biosynthesis steps, lncRNAs and circRNAs are much 19 more common in terms of their roles and mechanisms in gene regulation, and in fact 20 circRNAs are considered to be a class of lncRNAs by many researchers [3] . Even in 21 the absence of protein products, these RNA molecules have been found to associate 22 with distinct cellular compartments or components, and may act in cis or trans in 23 target gene regulation, [7] [8] [9] [10] 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 ncRNAs as well as their extensive modes of action, a complete understanding of their 1 biological relevance will depend on integrative analyses of systems data at various 2 levels [24] . While a handful of publicly available databases have been reported (Table  3 1), they are quite limited in the scope of reference data and analytic modules, relying 4 on existing datasets in public archives and annotating pre-selected regulatory features 5 of ncRNAs. Thus, existing tools do not fully capture, from a network perspective, the 6 functional implications of lncRNAs or circRNAs of interest. To solve this problem, 7
we have implemented an integrative bioinformatics approach to examine in silico the 8 functional networks of ncRNAs. The overall design and the analytic workflow of this 9 first "one-stop" web server tool for exploring the ncRNA biology are depicted in 10 Figure 1 . 11 12
[Insert 20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 After the upload, the server will first execute the differential expression analysis by 1 using the R package DESeq2 [45] . The interactive interface allows users to define the 2 candidate gene list by fold changes and p-value. Moreover, to inspect the expression 3 distance between samples, principal components analysis (PCA) was implemented in 4 our analysis pipeline.
Several known functional attributes of circRNAs/lncRNAs were taken into account 7 when constructing this web server: First, we adopted the gene co-expression analysis, 8 which is based on the concept of "guilt by association" -assuming that genes 9 exhibiting analogous expression patterns may be involved in similar biological 10 pathways, functions of unknown genes may be inferred a priori from the co-11 expressed, functionally known genes [57] . differentially-expressed circRNAs/lncRNAs expression against all genes in the user-21 uploaded samples (Fig. 3A) . For an overview of the sequenced transcriptomes, extent 22 of the coordinated expression (Fig. 3B ) and overall distribution of non-coding and 23 coding RNA abundance (Fig. 3C ) can be displayed as summary graphs. To provide 24 users with a guide in the selection of relevant criteria for expression correlation, the 25 server displays a composite histogram showing the overall distribution of correlation 26 coefficients calculated for all the ncRNA-mRNAs pairs, superimposed with the 27 results from randomized correlation tests (500 iterations of randomized Pearson 28 correlations between target ncRNA and 5,000 randomly selected mRNAs). The highly 29 correlated genes (based on user-defined Pearson's correlation) will also be subjected 30 to pathway enrichment analysis (Fig. 4) . The identity and enriched terms of the co-31 expression networks will be provided to facilitate further functional deduction of 32 ncRNAs candidates. 33 34
As a proof of principle, we applied our analytic pipeline to a known example of 35 cancer-associated lncRNAs, ELFN1-AS1. Kim et al. recently according to user-defined criteria (Fig. 4, middle panel) . To further visualize overall 43 expression profiles of ELFN1-AS1 co-expressed genes, "heatmap" may be used to 44 display up to 500 of most correlated genes (ranked by absolute r value) (Fig. 4, upper  45 left panel). Pair-wise expression correlation between the ncRNA and co-expressed 46 mRNA genes is also possible. For instance, as ELFN1-AS1 is a known transcriptional 47 target of MYC, users may compare the expression patterns between ELFN1-AS1 and 48 MYC in the TCGA data. This is done through "Scatter plot" and enter "MYC" in the 49 "Co-expressed gene" box (Fig. 3D) . Next, pathway analysis of genes co-expressed 50 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 with ELFN1-AS1, the "GO & KEGG Enrichment" functionality is available, in which 1 the "Enriched pathway (MSigDB)" will output top enriched pathways, together with a 2 network representation of the components. In the case of ELFN1-AS1, MYC 3 TARGETS V1 and MYC TARGETS V2 are shown as two of the top pathways, 4 consistently with the previous findings (Fig. 4 , lower panels). 5 6
In addition, we used another novel lncRNA as an example of our analytic approach. 7
XXbac-B476C20.9 was downregulated in the colorectal cancer, and higher expression 8 of XXbac-B476C20.9 exhibited better survival expectancy, hinting at a tumor-9 suppressive role (data not shown). By using Pearson correlation analysis, we 10 identified hundreds of genes that exhibit significant co-expression with this lncRNA 11 (data not shown). By analyzing the chromosome distribution of XXbac-B476C20.9 12 co-expressed genes, we did not see particular enrichment in chromosome 22 (where 13
XXbac-B476C20.9 locates) (Fig. 4, Given that our exemplary lncRNA ELFN1-AS1 reportedly mediates its function 8 through interacting with hnRNPK, we next tested whether this attribute could be 9 recapitulated by circlncRNAnet. To interrogate the ELFN1-AS1-associated proteins, 10 the "Retrieve lncRNA-binding protein" module can be selected to display ELFN1-11 AS1-associated RNA-binding protein network (Fig. 5A ). An RBP is considered a hit 12 (i.e. potential interactor of the given lncRNA/circRNA) if its annotated motifs from at 13 least two database sources are detected in the transcript sequence, and will be labeled 14 with gene symbol and a larger node size. For the RNA components of the ELFN1-AS1 interactomes, circlncRNAnet provides 39 information on the putative miRNA targeting sites within the RNA sequences. To 40 explore, the "miRNA targeting sites network" may be selected to show the 41 corresponding network (Fig. 5B) . Analogous to the RBP network, any miRNA target 42 sequences predicted by at least two miRNA targeting site discovering software 43 (miRanda, RNAhybrid and TarPmiR) will be labeled with gene symbols and larger 44 node size in the network (Fig. 5B) . 45 46
Analytic module #4: Multi-tier regulatory hierarchy 47 mRNAs harboring the same miRNA binding sites as ncRNAs are likely to be subject 48 to expression alteration in the miRNA sponge scenario -the inverse correlation in 49 expression between miRNA and mRNAs/lncRNAs is expected [69] . Thus, to 50 substantiate the putative miRNA sponge activity and also to delineate likely 1 downstream mRNA targets, the web server is further designed to construct the 2 ncRNA-miRNA-mRNAs regulatory hierarchy. For this purpose, 3' UTRs with 3 presumptive miRNA targeting as revealed by the aforementioned prediction tools will 4 be cross-referenced with the gene set that shows correlated expression profiles with 5 the candidate ncRNA. As a result, this intersected gene list presumably represent the 6 targets of ncRNA-miRNA axis-mediated regulation, and will be depicted in a two-tier 7 network configuration (Fig. 5B ). 8 9
Similar network analyses are available for decoding the ncRNA-RBP-mRNA network.
10
To this end, a reference RBP-mRNA database was first established, in which all 11 GENCODE mRNA genes were scanned and annotated for experimental and 12 computational RBP binding using the above approaches. For a particular RBP in the 13 ncRNA interactome that is selected by the user, all ncRNA-co-expressed mRNAs 14 with mutual RBP binding will be assembled based on the RPB-mRNA database. 15 These lines of information will then be integrated and subsequently outputted as the 16 multi-tier molecular network (Fig. 5A) With the expansion of transcriptome sequencing datasets, focusing on a select set of 29 publicly available, but potentially irrelevant, sequencing data does not sufficiently 30 address users' research needs. This prompted us to build a completely new system 31 with the flexibility of accepting private or public data. To further support efficient 32 analyses and presentation, we have extensively curated public data into reference 33 annotations for the circlncRNAnet workflow. Multi-layer modules and algorithms 34 then provide outputs on expression profiles, co-expression networks & pathways, and 35 molecular interactomes, which are dynamically and interactively displayed according 36 to user-defined criteria. In short, users may apply circlncRNAnet to obtain, in real 37 time, multiple lines of functionally relevant information on the circRNAs/lncRNAs of 38 their interest. The overall workflow takes only a few minutes, as compared to hours of 39 manual efforts of independent database searches and analyses. In summary, 40 circlncRNAnet is the first of its kind in the regulatory RNA research field, providing a 41 "one-stop" resource for in-depth analyses of ncRNA biology. A tutorial with demo 42 datasets is available under "Tutorial", in which the functional network of known 43 lncRNA was illustrated in silico as an example. 44 45 46
Availability of supporting source code and requirements 47 48  Project name: circlncRNAnet 49   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 Interface on the web server for data upload (A). Two files are uploaded prior to data 6 analysis: a gene matrix table (B), which is generated by using featureCounts, and a 7 condition file describing the sample status (C). 
30
Circos plot can also be used to illustrate the genome-wide distribution of the top 100 31 co-expressed genes relative to the location of XXbac-B476C20.9 (upper right). 32 33 Figure 5 . Examples of lncRNA-associated molecular components uncovered by 34 circlncRNAnet. 35 circlncRNAnet may be used to extensively profile the molecular interactome of 36 candidate circRNAs/lncRNAs based on the compiled databases, with ELFN1-AS1 37
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